in the tank will be
The approach can be extended to allow the measurement of other fluid types as well.
Oil producing institutions in many parts of the world are still faced with the problem of producing water and gas together with oil from their oil fields. The separation will consist of three components, oil at the top, oil/water mixture in the middle, and water at the bottom. Water will then be pumped out from the tank. However, in order not to pump out oil with water, the level of the mixed liquid (water-oil) need to be monitored continuously, especially during the pumping process. In [7] an extensive literature review on currently available level measurement methods, measuring devices and sensors has been investigated.
The authors claimed that most of the devices have been designed to detect only the level of the top of the liquid in the tank. These measurement sensors include RF capacitance, conductance, nuclear, radar, differential pressure, optical switches, and ultrasonic. A microwave-based sensor is among the fewer devices which has been recently designed for extraction of the levels of the emulsion layers in the tank [I, 2, 
31.
However the system is expensive. Additionally, the The basic idea of our device is that the amount of ultrasound waves received and its speed depends upon the density of the liquid. In [6] , it is shown that the acoustic impedance of the water and oil are different.
Therefore, different response of both the liquids can be expected. The measurement of the signal response at different vertical positions in the tank leads to detection of the two levels of the interface. Figure 1 shows the layout of the tank. An ultrasonic transmitter and receiver are mounted on two separate stands, at the same horizontal level of the tank. The signals from the receivers shall provide a complete profile for the contents of the tank. The advantage of this layout design is that the results are independent from the geometrical and chemical properties of the walls of the tank. The flowchart in Figure 2 shows the hardware architecture overview of the MLLM device. It's composed of an ultrasonic transmitter-receiver pair placed orthogonal to one another inside the two vertical stands and transmitting at a programmable frequency. 
The Receiver
The detected ultrasonic waveform is converted to a voltage by the piezoelectric receiver RX, and is fed into an analogue signal processing system. The resulting signal is then fed to a second order anti-aliasing filter to generate a pure signal of frequency fo.. Where Z, and Z, are the depths of the tubes and the distance separating the two vertical stands respectively, whereas v , and i j F are the sound velocity in the vertical stand and the liquid respectively. In [I] , it has been shown that the oil and water have a significant difference of velocity of the ultrasound waves. Hence, to have a significant difference of delay, the distance separating the two vertical stands should be high. However, this may engender an additional damping of the ultrasonic waves. Therefore, the design of the tank was performed in such a way that the distance of the two stands can be easily modified. The optimal distance should then be deduced during the experiments.
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Another leading factor influencing the attenuation is the acoustic impedance or bulk modulus. At a boundary between two objects with different ultrasonic impedances, there is a reflection. The reflection coefficient is directly related to the impedance difference between the two media [ 3 ] .
This led us to use the glass since its property is simultaneously close to the water and oil.
IV. PRELIMINARY RESULTS
To test the performance of our new device and to refine more the design of the tank, extensive experiments have been conducted in five consecutive steps. For most of these steps, the analysis of the results was performed in both time and frequency domain (FFT characteristics).
I First Srep ofthe Experiments: Driving Facfors for Designing the Vertical Stands in the Tank
At first, several tests were performed on two small containers of similar size (2 cm x 5 cm x IO cm), one containing the oil (engine oil) and the other one the water. The goal of these experiments was to know the nature of the received ultrasound waves when using these two fluids and the reliability of the analog sensors as well. These sensors were put at the same horizontal axis so that a maximal power can be received. Tables 1  and 2 show the results obtained for the difference in phase between the ultrasonic waves of the transmitter and receiver (A@) and the damping ratio, &(where A, and A, are the amplitudes of the transmitted and received ultrasonic waves respectively) respectively. All the experiments have been conducted on the oil and water using three different frequencies: 23 KHz, 40 M z , and 150 KHz. From the tables, we can deduce A, that the speed of the ultrasound waves in the water is faster than in the oil. Also, the repeatability for both the delay and the damping is good. The hest accuracy could be obtained with the frequency,f,', = 40 KHz. With this frequency, the results of the delay (in ps) were 4.3222k0.35 and 5.07f0.25 for the water and oil respectively. This is enough to distinguish between the oil and water. Our conclusion is then to focus on 40
KHz sensors in the final set of experiments. Figure 3 illustrates the design of the tank. Both the ultrasonic transmitter and receiver devices are placed in two separate stands in such a way that the distance separating the devices to the wall of the stand is equal to the height of the ultrasonic sensor.
Second Set experiments
The second set of experiments was performed on the two containers, already described in section 3 . The two containers contain the oil and water respectively. In contrary to the experiments done during the first step, the transmitter for the actual experiment was designed in such a way that it sends a burst of ultrasonic waves as shown in A, Figure 5 show the results of the received ultrasonic waves for the water and oil respectively. IT can been shown that the received signal was amplitudemodulated and that the two parameters A@ and AJA, are very sensitive to the position of the ultrasound sensors in the tank. However, for the two liquids, the repeatability of the measurements was +-2% and +-- In this report, the results obtained following an initial testing of new acquired ultrasound sensors were shown and the proposed MLLM device initial design was conducted. The results suggest that interface detection of oil and water using ultrasound is not only reasonable from a physics point of view, but also form an integrated electronics point of view. The system represents an important tool in other related systems such as determining the composition fraction of oil and water in multiphase systems. Moreover, the method can be extended for level measurement of toxic, aggressive or corrosive liquids. 
